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INTRODUCTION 


The summaries of sea water densities presented in this publication are based on 
observations made in Atlantic harbor and coastal waters through the year 1952. The 
densities were observed primarily at tide stations which, in the United States, were 
maintained by the Coast and Geodetic Survey, often with the cooperation of other 
organizations. Final results for Venezuela were supplied by the Ministerio de-Obras 
Publicas, Estados Unidos de Venezuela. For other countries the Coast and Geodetic 
Survey derived the data from observations made by organizations in the countries 
concerned. In Latin America the observations were obtained through the cooperation of 
the Inter American Geodetic Survey. 
Table 1 presents monthly means and annual mean and extremes for each year of ob- 
servations. Maximum and minimum densities are shown for each year inwhich observations 
were made, whether or not the observations covered the whole year. In all cases the 
yearly extremes are from the months of the year forwhich means are given. If they are 
from an incomplete year, they are followed by an asterisk. 
For each station at which the series of observations covered two or more years, 
there are given also the following monthly values for the series: the mean of the monthly 
means together with their corresponding salinities, the maximum density observed, the 
mean of the monthly maxima, the mean of the monthly minima, and minimum observed. 
Following the table of densities are graphs showing the seasonal variation in 
salinity at stations for which the observations covered five years or more. 
The observations are made by drawing a sample of water from near the surface and 
observing its density by means of a hydrometer. They are usually made once each week- 
day at whatever time the observer attends the tide gage. It may be assumed that in 
the course of a month or a year the distribution of observations is fairly uniform over 
all phases of the tide. At some stations situated within or near the entrance of an 
estuary, the density varies with the stage of the tide or with the direction of the 
tidal current. 
The densities in Table ] are given with respect to the density of pure water at 
a temperature of 4°C (39.2°F) as unity. The actual density of the water may vary from 
a little less than unity for fresh water at a temperature other than 4°C to approximately 
1.0310 for the heaviest sea water. Since the density of sea water, as observed, depends 
not only upon the amount of soluble matter contained in a unit volume but also upon 
the temperature of the water at the time the reading was made, it 1s necessary to re- 
duce the observed densities to some standard temperature in order that they may be 
comparable. In this publication the observed densities have been reduced to a stand- 
ard temperature of 15°C (59°F). The density of pure water free from air at a temper- 
ature of 15°C is 0.9991. 
The salinity of sea water is defined as the number of grams of salts contained in 
1000 grams of sea water. Salinity can be determined by several different methods, one 
of the simplest being based upon the density of the water as obtained from the use of 
the hydrometer. Table 2 gives the salinity corresponding to different values of den- 
sity at the standard temperature of 59°F. (15°C.) to which all densities in this pub- 
lication are referred. 
For some practical uses of density data, it is more important to know the density 
at the temperature apt to be encountered than at the standard temperature. The graph, 
Sea Water Density at Various Temperatures, provides for converting density at 59°F (15°C) 
to density at other temperatures. 
The following publications complete this series: 
Special Pub. 278. Surface Water Temperatures, Atlantic Coast, North and South 
America. 

Special Pub. 280. Surface Water Temperatures, Pacific Coast, North and South 
America and Pacific Ocean Islands. 

Special Pub. 281. Density of Sea Water, Pacific Ocean. 
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56 
Mean Salinity Curves 


Monthly mean salinities in parts per thousand are presented graphically to show the seasonal variation. 


a JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. 


IVIGTUT, GREENLAND 
1945-1952 


EASTPORT, ME. 
1930-1952 


BAR HARBOR, ME. 
1947-1952 


PORTLAND, ME. 
1922-1945 


PORTSMOUTH, N.H. 
1944-1952 


BOSTON, MASS. 
1922-1952 


WOODS HOLE, MASS. 
1944-1952 


NEW LONDON, CONN. 
1947-1952 
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Mean Salinity Curves - Continued 


Yo JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. 


MONTAUK, 32 
FORT POND BAY, L., N.Y. 30 
1947-1952 58 


NEW YORK 
(Willets Point), N.Y. 
1932-1952 


NEW YORK 
(The Battery), N.Y. 
1927-1952 


NEW YORK 
(Fort Hamilton), N.Y. 
1911-1920, 1927-1928 


SANDY HOOK, N.J. 
1887-1893, 1944-1952 


ATLANTIC CITY, N.J. 
1912-1920, 1923-1952 


PHILADELPHIA, PA. 
1923-1946 


CAPE CHARLES (town), VA. 
1947-1952 


22 

OLD POINT COMFORT, VA. 2° 
1943-1945, 1948-1952 18 
16 


RICHMOND, VA. 
1947-1952 


WASHINGTON, D.C. 
1944-1952 


SOLOMONS, MD. 
1938-1952 
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CAMBRIDGE, MD. 
1945-1952 


ANNAPOLIS, MD. 
1947-1952 


BALTIMORE, MD. 
1914-1952 


Mean Salinity Curves - Continued 


%o JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. 
14 


DIAMOND SHOAL LIGHTSHIP 36 


1923-1928 


SOUTHPORT, N.C. 
1946-1952 


CHARLESTON, S.C. 
1922-1942 


See footnote (+) on page 31. 


CHARLESTON, S.C. 
1942-1952 


See footnote (t) on page 31. 


FORT PULASKI, GA. 


1940-1952 


FERNANDINA, FLA. 


1944-1952 


cae 
Pet 
Lee 
re. 


Po 


MAYPORT, FLA. 
1945-1952 


DAYTONA BEACH 
(ocean), FLA. 
1925-1932, 1939-1950 


’ MIAMI BEACH, FLA. 
1940-1951 


KEY WEST, FLA. 
1926-1940, 1946-1952 


ST. PETERSBURG, FLA. 
1947-1952 


CEDAR KEYS, FLA. 
1922-1926, 1944-1951 


PENSACOLA, FLA. 
1924-1952 


EUGENE ISLAND, LA. 
1944-1952 


Mean Salinity Curves - Continued 


%o JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. 
30 
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Mean Salinity Curves - Continued 


GALVESTON, TEX. 
1922-1952 


ROCKPORT, TEX. 
1948-1952 


PORT ISABEL, TEX. 
1944-1952 


COATZACOALCOS 
(Puerto Mexico), MEX. 
1946-1952 


PROGRESO, MEX. 
1946-1952 


HABANA, CUBA 
1947-1952 


GUANTANAMO BAY, CUBA 
1947-1952 
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Table 2. Corresponding Densities and Salinities 


(Density at 15°C. -- Salinity in parts per 1000) 


Den- Sal-| Den- Sal- Den- Sal- Den-  Sal- Den- Sal- Den-  Sal- 
sity inity| sity inity| sity inity} sity nity] sity nity | sity  inity 


0.9991 0.0] 1.0046 7.1/] 1.0101 1.0156 1.0211 28.6 |1.0266 35.8 
0.9992 0.0]1.0047 7.2]1.0102 14.4 ;1.0157 21.6 |1.0212 28.8 |1.0267 35.9 
0.9993 0.2]1.0048 7.3)1.0103 14.5 |1.0158 21.7 | 1.0213 28.9 |1.0268 36.0 
0.9994 0.3]1.0049 7.5]1.0104 14.6 |1.0159 21.8 |1.0214 29.0 {1.0269 36.2 
0.9995 0.4] 1.0050 7.6]1.0105 14.8 |1.0160 22.0 /}1.0215 29.1 |1.0270 36.3 
0.9996 0.6|1.0051 7.7]1.0106 14.9 {1.0161 22.1 |1.0216 29.3 |1.0271 36.4 
0.9997 0.7]1.0052 7.9]1.0107 15.0 |1.0162 22.2 | 1.0217 29.4 |1.0272 36.6 
0.9998 0.8] 1.0053 8.0/1.0108 15.2 |1.0163 22.4 }1.0218 29.5 |1.0273 36.7 
0.9999 0.9]1.0054 8.1]1.0109 15.3 |1.0164 22.5 |1.0219 29.7 |1.0274 36.8 
1.0000 1.1]1.0055 8.2) 1.0110 1.0165 1.0220 29.8 |1.0275 37.0° 
1.0001 1.2]1.0056 8.4] 1.0111 1.0166 O22 29 lO 2G mwa! 
1.0002 1.3}1.0057 8.5/1.0112 15.7 }1.0167 22.9 |1.0222 30.1 |1.0277 37.2 
0003 leon s0058) 9 856) OLUS lions |e OlG8) 923.0) (10223) 30520278) 137273 
1.0004 1.6]1.0059 8.8]1.0114 16.0]1.0169 23.1 |1.0224 30.3 {1.0279 37.5 
1.0005 1.7]1.0060 8.9; 1.0115 1.0170 1.0225 30.4 {1.0280 37.6 
1.0006 1.9}]1.0061 9.0] 1.0116 1.0171 PAO Z2OmSO Om |p O26 lau Siren 
OOO Me re JON|eL O06 206 Sa2 TOU elon see Olt 2. . 23 on pl O22 mr sOerar| OLS 2au Si 69 
1.0008 2.1/]1.0063 9.3}]1.0118 16.51.0173 23.7 | 1.0228 30.8 |1.0283 38.0 
1.0009 2.2]1.0064 9.4 {1.0119 16.6 {1.0174 23.8 | 1.0229 31.0 |1.0284 38.1 
1.0010 2.4/1.0065 9.6] 1.0120 1.0175 1.0230 31.1 )1.0285 38.2 
WOOL Bo S/O — Beye OUe 1.0176 Uo Oral sWlow |i Wrees stele 4! 
TOOLZ ao sOnl ml OOGT Me IS |elOl22 Mali Oniet Oli 24 2eliO2S 2m 4) lO 2 Sime sono 
IROOM 2S 0068 929) LiOl23 ald LOLS) 24esniel 0233) 3 Eo) sO 288 093856 
1.0014 2.9|1.0069 10.1] 1.0124 17.3 ]1.0179 24.4)|1.0234 31.6 | 1.0289 38.8 
LAOOTS Ss. On| L007 0 10S 2 OL2Z5 wie. OOM 246) |b 0235) 131s le 02900 38.9 
OOLG Ss. 2) (LOOT Os Sil OL 26d 0) | TOLL 2450 0236) STII 0291 3950 
OOM my Se sil Le OOr-2 LO some OL2i mmc lo OLB Zuma Salm O23tiee S2 One O29 2g 32 
ROOTS Se 4) O07 3 OSG eOl2G ei. Sil OLS ZoeOn el 0238) 3251 bO293)) 339/53 
OOLS eso | Lo OOT4 OST OL29 Rl. 9 | Te OL8s Zonta el 0 2390 (32530 02945394 
OO 20M set Nl O0t-s 1.0130 1.0185 1.0240 32.4 ]1.0295 39.6 
1.0021 3.8 | 1.0076 1.0131 1.0186 W024 3220) | O296 So at 
PAO O22 ans sin lO Oa Lerla lO 32 amelS eto | OLO (moon OL42 ror lla O 2 Omen So a6 
1.0023 4.1 ]1.0078 11.2] 1.0133 18.4 ]1.0188 25.6 | 1.0243 32.8 | 1.0298 39.9 
1.0024 4,2 ],1.0079 11.4] 1.0134 18.6 | 1.0189 25.8 | 1.0244 32.91.0299 40.1 
1.0025 4.3 | 1.0080 1.0135 1.0190 . 1.0245 33.1 ]1.0300 40.2 
1.0026 4.5 | 1.0081 1.0136 1.0191 1.0246 33.2 |1.0301 40.3 
1.0027 4.6 |1.0082 11.8|1.0137 19.0 |1.0192 26.1 ]1.0247 33.3 |1.0302 40.4 
1.0028 4.7 |1.0083 11.9}]1.0138 19.1 |1.0193 26.3 ]1.0248 33.5 | 1.0303 40.6 
1.0029 4.8 |1.0084 12.0 ;1.0139 19.2 ])1.0194 26.4)1.0249 33.6 | 1.0304 40.7 
1.0030 5.0 | 1.0085 1.0140 d 1.0195 1.0250 33.7 | 1.0305 40.8 
1.0031 5.1 ]1.0086 12.3 | 1.0141 1.0196 1.0251 33.8 | 1.0306 41.0 
OOS Zi os 2a POOR Tet 2c 4 ele OLA MOC Gal Ole (Z6s8nllnO252) 340010307 Caen 
1.0033 5.4 )1.0088 12.6 |1.0143 19.7 |1.0198 26.9 | 1.0253 34.1 |1.0308 41.2 
1.0034 5.5 |1.0089 12.7 ]1.0144 19.9 |1.0199 27.1 ]1.0254 34.2 |1.0309 41.4 
1.0035 5.6 {1.0090 12.8 | 1.0145 : 1.0200 1.0255 34.4 11.0310 41.5 
1.0036 5.8 |1.0091 12.9 | 1.0146 1.0201 1.0256 34.5 |1.0311 41.6 
MOOS Ome OOS2 Mes. MOLT 20s sil O20 20 2 ole 02a sis 4On | lO sl 2ue Aled, 
1.0038 6.0 |1.0093 13.2°|1.0148 20.4 |1.0203 27.6 |1.0258 34.8 |1.0313 41.9 
1.0039 6.2 |1.0094 13.31.0149 20.5 |1.0204 27.7 |1.0259 34.9 | 1.0314 42.0 
1.0040 6.3 |1.0095 13.5 | 1.0150 1.0205 1.0260 35.0 |1.0315 42.1 
1.0041 6.4 11.0096 13.6 | 1.0151 1.0206 1.0261 35.1 11.0316 42.3 
POC 2 GO| ln OOSTR See lOla2nn20.On O20 (ue 20a ll O262 esos ls Osili ema 2ere 
1.0043 6.7 |1.0098 13.9 |1.0153 21.0 }1.0208 28.2 |1.0263 35.4 |1.0318 42.5 
1.0044 6.8 {1.0099 14,0 | 1.0154 1.0209 1.0264 35.5 {1.0319 42.7 
1.0045 6.9 {1.0100 14.1 |1.0155 1.0210 1.0265 35.7 |1.0320 42.8 


62 
Sea Water Density at Various Temperatures 


The purpose of this graph is to provide the density of sea water at any temperature apt to be encountered 
when the density at the standard temperature of 59°F. (15°C.) is known. It is intended primarily for use with 
this density publication which gives densities at 59°F. and with Coast and Geodetic Survey Special Publication 
No. 278 which gives sea water temperatures for the same stations. 

To convert a density at 59°F. to density at another temperature, enter the graph horizontally from the 
left with the known density and downward from the top with the desired temperature; the position of the 
point of intersection with respect to the curves gives the density at the desired temperature. Interpolate 
between curves when necessary. For example, by this method, water having a density of 1.0162 at 59°F. is 
found to have a density of 1.0124 at 85°F. 

The densities are referred to the density of fresh water at 4°C. (39.2°F.) as unity. 
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